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Introduction

1. ELECTRODIAGNOSSIN VETERINARY NEUROLOGY

Electrodiagnogtic testing, which involves evauation of the responses of skeletd
musdles to eectricdl stimulation, was introduced into veterinary medicine in 1949,
However, because of limitations of eectronic insgrumentation for recording eectric
activity of muscles, eectromyography did not develop as an independent fied until
1967°. Since then, the application of eectrophysiologica diagnostic techniques has
become a cornersone in the invesigation of neuromuscular diseeses in veterinary
neurology. The purpose of dectrodiagnogtic testing is to demondrate the presence,
absence, reduction or abnormdity of the contractile response of a muscle to dectric
dimulation of its motor nerve, or to demondrate quantitetive or quditative
dterations of the dectric activity of a muscle in the resing sate. The indrument
used to record the dectric activity of muscles is the dectromyograph. Electrica
activity from driated muscles is recorded by two eectrodes (anode and cathode), the
ggnd obtaned is then amplified and visudly displayed in the eectromyograph
oscilloscope in the form of motor unit potentids or spontaneous dectrical activity.
In addition, motor or sensory nerves can be gsimulated by a second par of
electrodes, the compound motor unit (motor nerve stimulation) or nerve potentias
(sensory nerve gimulation) evoked in the corresponding muscle or nerve can then

be recorded in the same way and displayed in the electromyograph oscilloscope.

The man dectrodiagnogtic techniques currently employed in veterinary neurology

indude
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. Electromyography, the recording and study of the dectricd activity of Sriated
muscles, mainly used to assess skeletd muscle function.

. Electroneurography or measurement of motor and sensory nerve conduction
velocities, used to determine the speed a which an impulse is transmitted aong
a nerve, which evauaes the integrity and functiondity of motor and sensory
nerve fibers of the periphera nervous system.

. F wave dudies, used in the assessment of motor conduction dong the most
proximal periphera nerve segments, including nerve roots.

. Repetitive stimulation of motor nerves, the most common test for investigation
of neuromuscular transmission, primarily used to evduate the functiondity of
neuromuscular junctions.

. Somatosensory and motor spinal cord evoked potentials, which provide
ussful information about the functiondity of both, the motor and somatosensory
spind cord pathways.

. Electroretinography and visual evoked potentials, which evduae the visud
pathways, and

. Braintem auditory evoked potentials, which assess the integrity and function
of the auditory component of the eighth cranid nerve and the short latency

central auditory pathways, located in the brainstem and midbrain.

The dectromyographic sudy of spind and braingem reflexes in animads has been

limited to experimentd studies in dogs®’ and cats™*?, but has recdived little dinical

goplication in veterinary medicine. In addition, e€ectrodiagnogic tedts to assess

other cranid nerves and/or braindem function are currently inexisent in veterinary

neurology. Many neurologic diseases can  affect different cranid nerves and
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brangem aess in gndl animds a wdl as in horses, causng neurologic

dysfunction difficult to evauate, interpret or quantify clinically.

2. THE BLINK REFLEX: A NOCICEPTIVE REFLEX

Reflexes are stereotyped responses to stimuli. They require two or more neurons in
series, a sensory (afferent) and a motor (efferent) neuron, and varying numbers of
interneurons. The sensory neuron receives and trangmits the stimulus to the motor
neuron, located in the centrd nervous sysem. The simulated motor neuron in turn,
transmits impulses to the corresponding effector organ or muscle to induce the
gopropiate response to the initid simulus. There are two main caegories of spind
reflexes. The firs category is of postural reflexes; these dlow the animd to
mantain its posure. The gimuli which initiste these reflexes are the dreching of
muscle, which dicits a dretch reflex and pressure of the skin of the foot, which
eicits an extensor thrust. The second category is of protective or nociceptive
reflexes. These are reflexes that protect the anima from injury. The types of

gimulus which diait these reflexes include mechanicdl irritation and pain.

i. Nociceptive r eflexes

The three main nociceptive reflexes are the flexor withdrawd reflex, which causes
withdrawa of a limb away from a panful dimulus the abdomind guarding or
superficid  abdomind  reflex, which protects the abdomind contents agangt
mechanicd disurbance, and the blink reflex, which protects the eyebal from

externd harmful gimuli. The afferent pathway of nociceptive reflexes is formed by
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cutaneous sensory nerves belonging to mechanoreceptive, wide dynamic range or
nociceptive neurons that can cary mechanicd as wdl as nociceptive or panful
information. The efferent limb of the reflex is formed by spind or brainsgem motor
nucle and their corresponding motor axons. The motor responses obtained when
diciting these type of reflexes are protective motor responses directed agangt

potentid harmful Simuli.

ii. History of the Blink Reflex

The Blink Reflex was firs described in 1896 by Walker Overend, a British human
physologist, who described “a new cranid reflex” in a letter to the editor of
Lancet'®. In this first description, Overend reported that when the skin of the
foreheed was gently tapped with a stethoscope, the lower eyelid twitched on the
same dde, and that dight tapping in the middle line of the forehead was followed by
twithing in both eydids. In 1901, Daniel Joseph McCarthy, an American
neurologist, re-described the reflex dicited by tgpping the skin overlying the
supreorbital nerve with a percusson hammer. McCarthy noted that a tap on either
dde of the face usudly dicited a bilaerd contraction of the orbicularis oculi
muscles, and concluded that the supraorbitd reflexes were “pure nerve reflexes’,
identical to tendon reflexes®. The exact mechamism of the blink reflex remained
obscure until Eric Kugelberg's dectrophysiologic anadysis in 1952, Using two
differentid amplifies and a dud-trace oscilloscope, Kugelberg recorded the
dectricd potentids dicited in the orbicularis oculi muscles by tgpping the skin in
the outer corner of the eye with a meta rod. Kugelberg's observations confirmed

that the blink reflex is bilaterd, that some part of the reflex pathway passes over the
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goind tract of the trigemind nerve and that blink reflexes are abolished by generd
aneshesa and trigeminad rhizotomy™. In 1962 Geoffrey Rushworth confirmed
that the receptors for the reflex were in the supraorbita nerve, but concluded thet the
blink reflex was a myotatic reflex, originating from proprioceptive receptors in the
facid musculaure'®. Eight years later, Bhagwan Shahani demonstrated that the
blink reflex is cutaneous in nature, and described the absence of muscle spindles in
the facid musdes'’. After these initid descriptions and observations, many different
neurologists and neurophysologists have re-described the technique for diciting
and recording the blink reflex, and have widdy demondrated its usdfulness in the
diagnoss and definition of many neurologic diseases dffecting both, the centrd and

the periphera nervous system.

2.1. THE ELECTRICALLY ELICITED BLINK REFLEX:

ELECTROMYOGRAPHIC COMPONENTSAND ANATOMIC PATHWAYS

The blink reflex is a contraction of the eydids in response to dimulation of the skin
of the face. The afferent pathway of the reflex is formed by sensory fibers in the
trigemind nerve supplying the skin of the head. Motor fibers in the facid nerve
innervating the orbicularis oculi musdes congtitute the efferent pathway'®8. The
rejoonse obtaned ater a unilaterd gimulus of the trigemind nerve is usudly a
bilaterd contraction of the orbicularis oculi muscles. The blink reflex can be
electromyographicaly recorded. In humans, reflex blinks are usudly evoked by
gimuli such as a mechanicd tgp or dectricd current ddivered to the skin in the
periorbital region. The reflex responses of the orbicularis oculi muscles are then

recorded by eectrodes placed bilaterdly in the eydids so they can be further
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evauated. Electromyographic (EMG) recordings from the orbicularis oculi muscles
show tha the blink reflex evoked by dectricd gdimulation of the supraorbita
(trigemind) nerve comprises two responses, a fird, unilatera response and a late,

bilatera reflex response (Figure 1).

.
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Figure 1. Stimulation and recording arrangement for the blink reflex in human beings, with the
presumed pathway of R1 through the pons (1) and ipsilateral and contralateral R2 through the pons
and lateral medulla (2 and 3). Kimura, 2001 (Ref. 18)

The fird or ealy reflex, Ry, is a short EMG response (not vishble clinicdly) that

occurs a a 10-15 ms latency ipdlatera to the dde of the stimulation. The second or

late eectromyographic response, R,, has a 30-40 ms latency, is bilaterd and more

prolonged'®® (Figure 2).
1. R, 2. Ipsilateral R,

= Avarage
s Amplitude

:Lu.um::.-

I Latancy e

S e, W i W ool N e e — BN ) nm.prlt-:t-;.
1 stimuius
wtifas 3. Contralateral R,

Figure 2. A typical oscilloscope rcording of the blink reflex after right-sided stimulation. Note an
ipsilateral R1 response and bilateral, simultaneous R2 responses. Kimura, 2001 (Ref.18)
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The two R, responses (ips- and contraateral) occur synchronoudy, with the latency
of the contraaterd one being dightly longer then that of the ipslaterd®. The R,
response is dinicaly observed as the actud blink'”?1%2, The afferent impulses for
the Ry blink reflex are conducted by medium-mydinated (A-b) trigemind fibers and
relayed through a short oligosynaptic circuit (from 1 to 3 interneurons) to the faciad
motoneurons. The whole circuit lies in the pons. The Ry blink reflex is mediated by
low-threshold A-b  and possbly A-d trigemind afferents. Nerve impulses
responsible for R, are conducted through the spind tract of the trigemina nerve in
the dorsolatera region of the pons and medulla oblongata before they reach the most
caudd aea of the spind trigemind nucleus. From there, impulses are further
relayed through polysynaptic medullary pathways ascending both ipslaeraly and
contrdaterdly to the dimulated sde of the face, before connecting to the facid
nude. Impulsss cross the midline in the caudd medullary region. The
trigeminofacia  connections ascend through the laterd tegmentd fidd, lying medid

to the spind trigemind nudeus™>> (Figure 3).

Supraorbital nerve Supraorbital nerve

Figure 3. Schematic drawing of the
blink reflex circuits. Afferents for the
R1 blink reflex connect with an
oligosynaptic chain of interneurons
close to the ipsilateral trigeminal
principal sensory nucleus (Vpr). The
afferents for the R2 blink reflex
descend along the spinal trigeminal
tract and connect with a polysynaptic
chain of interneurons located in the
lateral tegmental field of lower
medulla. V mot, trigemina motor
nucleus; VI, abducens nucleus; VII,
facial nucleus.

Blink

|
Spinal I|
Trigeminal |
Cnmplmf

Cruccu, 2000 (Ref 19)

Spinal cord
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In addition, R, seems to receive supratentorid influences®*?®. R; and R share the
same facia motoneurons. A third late response (Rz) may appear after R, when high-
intengty simuli are applied to the supraorbita nerve. This reflex response gppears
to be rdayed through smdl diameter, high-threshold trigemind afferent fibers,
perhagps nociceptive ones, and a longer pathway involving the caudd portion of the
medulla oblongata and cranid end of the cervicd spind cord. It seems to be related

to pain sensation and appears inconsistently?®-31,

2.2. CLINICAL APPLICATIONS OF THE

ELECTROMYOGRAPHYCALLY RECORDED BLINK REFLEX

Of the two components of the humaen blink reflex, R; is a drictly segmenta
reponse, rather dable, resdstant to al suprasegmentd influences induding
supratentoria lesions, disorders of consciousness and cognitive factors®+2832-38 R,
is diagnodicdly highly sendtive in extraaxid lesons. In human dinicad neurology,
therefore, R; is used most often to invedtigate the afferents from the supraorbita
region, to assess conduction of the fifth and seventh cranid nerves and in the
diagnosis of pontine lesons'®*°. In contrast, the brainstem interneurons that mediate
R, seem extremey sendtive to dl sorts of sensory inputs (an Ry-like reflex can be
dicited by sounds, flashes of light, radiant heat pulses, and dectricd or mechanicd
simuli ddivered anywhere to the face or even to distant regions)®3%42. Possbly
because of the high number of syngpses in the reflex crouit, Ry is rdaivey
ungeble, habituates rapidly to repetitive rythmic dimulation, and is dgrongly
modulated by suprasegmentd influences, corticd and basd ganglia dysfunction,

disorders of consciousness, and cognitive factors®#283237  Although R, is less
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relidble than R; in disclosing periphera lesons, the smultaneous recording of the
bilaterd R, dlows differentiation between damege to the afferent (trigemind) and
efferent (facid) pahways of the reflex!®'®. Furthermore, R, done is usudly

abnormdl in lateral medullary lesions®®°,

i. Peripheral trigeminal and facial nervedisorders

The dectricaly dicited blink reflex has been proven to be an excdlent diagnogtic
tool in the evauation of severa trigemind and facid neuropathies’® 24752, The
blink reflex, which examines the whole course of the facd nerve, may provide
vauable information regarding the extent and location of the leson in mog facid
neuropathies (eg, Bel's palsy)**®°. Most paients with facid nerve lesions show
abnormdities of the R; and R, components in the ipdlaera orbicularis oculi
muscle, regardless of the side of simulation (efferent abnormality)'®1°® (Figure

4).
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Figure 4. Blink reflex abnormality. The finding suggests the conduction abnormality of the efferent
pathway along the facial nerve. Kimura, 2001 (Ref. 18)
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In addition, seria evaluaion of the delayed or absent reflex responses may provide
highly vauable information regarding the severity and prognosis of the disease!®°.
The blink reflex may dso be used to test conduction of the trigemind nerve, which
condtitutes the afferent arc of the reflex pathways. In these cases, when the affected
dde of the face is simulated, a bilaterd dday or absence of blink reflex responses

can be observed (afferent abnor mality)'®2%°° (Figure 5).
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Figure 5. Blink reflex abnormality. The finding suggests the conduction abnormality of the afferent
pathway along the trigeminal nerve. Kimura, 2001 (Ref.18)

ii. Brainstem dysfunction

Alterations of the blink reflex responses might as well be due to lesons in the
brangem affecting the centrd connections of the reflex pahways. The
abnormdlities found in human patients ae vaiadle depending on the specific
location of the leson within the brainsem?®®8 |n generd terms, a dday of Ry
gopears to be rdatively specific to pontine involvement because of intringc (eg,

multiple sderosis) or extrinsc (eg, cerebdlopontine angle tumors) lesions™ "3,
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Although R, might be dtered by pontine lesons, it seems to be more consigtently

affected by laterl medullary lesions (eg, Wallenberg syndrome)*4°.

iii. Hemispheric lesions

The exact centrd pathway of the blink reflex remains unknown. Severd <udies
suggest that the blink reflex utilizes trigeminofacia  connections  and  that
uprasegmental Structures act directly on the facid motor nudeus to modify the
components of the blink reflex®®. Thus dteration of R; does not necessarily indicate
a pathologic process of the reflex arc itsdf, because edema or other lesons outside
the brainsem can adso cause conduction abnormalities. A reversble block of R;
Seen in comatose patients ususaly results from acute supratentorial lesons or from
messve drug intoxicationr. The results of some studies show that suprasegmenta
dructures act directly on the facid motor nucleus to modify the components of the
blink reflex®. Other authors propose that the R, response of the blink reflex is
generated through longer pathways going up to the opposite thdamus or cortex,
where they project down to hilaterd facid nudlei®’. Interruption of ascending
pahways pasing through the thdamus in hemigpheric lesons as wdl as
interruption of descending corticd facilitatory pathways would be the two potentid

explanations for the blink reflex anormdities found in patients with hemispheric

lesions?®.
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iv. Evaluation of extra-pyramidal disorders(man)

Habituation is a wide-spread phenomenon that has been defined as a gradua
quantitative diminution of response to repeated uniform stimuli’®. Habituation of the
blink reflex can be obsarved dectromyogrgphicaly as diminution of gze of its
second component, R, (the polysynaptic nociceptive component of the reflex), but
not of R;. When simuli are delivered repeatedly at a constant frequency, the R»
response gradually decresses in size and eventudly dissppears'®1®74"°. R, readily
habituates in norma human beings, but not in patients with Parkinson’s disease’® ™.
Smilaly, the blink reflex fals to show phydologic habituation in  nocturnd
myoclonus. On the other hand, R, shows enhanced habituation and an increased
latency in patients with Huntington's disease’® . These findings are believed to be
caused by a lack of inhibition (parkinson's diseese)’® or lack of fadlitation
(Huntington's  disease)’®’’  from suprasegmental structures on the brainstem

interneuronal pool controling the R, blink reflex responses'®1°.

3. DIRECT FACIAL MOTOR NERVE STIMULATION

The dectricdly dicited blink reflex tests both, the trigemind (afferent) and facid
(efferent) nerves. Teding the reflex arch, latencies of the blink reflex components
reflect the conduction dong the entire facid nerve including both, the intraosseus
and the peripherd portion'®. Performing direct dectricd simulation of the facid
nerve digdly (after its exit from the petrous portion of the temporad bone) and
electromyographicaly recording the direct motor-evoked potentids obtained in the

orbiculais oculi musdes, diga fadd nerve conduction can be assessed!®. The
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electromyographic potential recorded in the orbicularis oculi muscle upon direct
facid nerve dimulaion is a typicd bi- or triphasc compound muscle action
potentid with a highly dable latency. Reported norma vaues for facid nerve
latendies in adult human beings range from 3 to 5 ms®. Amplitude vaues vary
greatly with  dimulus intengty. Therefore, comparisons between amplitudes
obtained on both sdes of the face are commonly used instead of absolute amplitude
values'®°3%". In some cases, a second dectromyographic potential can be observed
after the direct response upon direct facid nerve dimulation. This second
electromyographic  deflection is a reflex response thought to be caused by
dimulation of sensory fibers in the facid nerve that terminate in spind  trigemind
nucleus neurons which, in turn, activate facid nudeus motoneurons innervating the
orbicularis oculi musdes®®. In human beings, latency and amplitude of the direct
facid muscle-evoked potentid are commonly used in the assessment of peripherd
facid nerve disorders (eg, Bel's pasy)®>*®’. By evauaing both, the latency of the
R1 component of the blink reflex and the latency of the direct facia response, a
comparison can be made between the conduction through the digd facid nerve and
that through the entire reflex arch, determining if facid nerve dysfunction occurs

proximaly (intraosseous portion) or more digtaly.

4. PREVIOUS STUDIESIN DOMESTIC ANIMALS

The blink mechaniams and the anatomica sructures and pathways involved in the

reflex have been extensvely evauated in cais’®8%8283 which have commonly been

used as anima research modds in human neurophysology. Severd facid reflexes

were dso previoudy evaduaed and described in dogst. In this sudy,
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electromyographic recordings were obtained in the orbicularis oculi and other facid
muscles after dectricd dimulation of different branches of the trigemind and fecid
nerves. Direct facid nerve motor evoked potentids and reflex trigemino-facid
potentials were recorded and characterized. However, this study (as well as dl the
previoudy reported sudies in cats) were peformed in anesthetized animds. It is
well known thet anesthesia and level of consciousness affect and can abolish the R,
component of the eectromyographicaly recorded blink reflex through suppresson
of the polysynaptic brangem pahways involved in the geness of this late
component'”322¢ Therefore, late blink reflex components (ipsi- and contralateral)
could not be fully evauated. As mentioned before, evduation of the bilaterd late
components of the blink reflex is essentid to differentiate between lesons of the
afferent (trigemind) and efferent (facid) pathways of the reflex, as wdl as to assess
cauda brangem function and the influences of supratentorid <tructures on lower

brainstem aress.

5.AIM OF THISSTUDY

There are many diseases that can affect the braingem focdly or in a diffuse manner
in domedic animds (bran neoplasms,  infecious and  non-infectious
meningoencefditides, degenerative diseases). In addition, severd neuropathies have
been described affecting the faciad and/or trigemind nerves in dogs and horses
(idiopathic facid palsy and trigemind neuritis in dogs, traumdic facid pardyss in
horses, infectious and non-infectious neuritides, peripherd nerve neoplasms and
metabolic neuropathies in both species). Modern imaging techniques such as

magnetic resonance imaging (MRI) dlow dructurd and anatomicd evdudion of
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both, brangem and crania periphera nerves, but they do not provide any
information about functiondity of the imaged aess. Electrophysologicd techniques
provide functiond evaduation of the nervous sysem, even in the absence of
anadomicd or dructurd lesons. Clinica dectrophysiologic tests currently employed
in veterinary medicine ae highly ussful in the functiond assessment of peripherd
soind nerves, spind cord and the auditory braingem pathways, however no specific
electrodiagnogtic test is currently avaladle to evduae the facid and/or trigemind
nerves as well as the mesencephdic, pontine and medullary braingem aress. For
these reasons, eectrophysologic assessment of the blink reflex in non-anesthetized
animas could be a highly vauable diagnodtic tool in veterinary neurology.

In addition, the dectricdly dicited blink reflex tet is commonly used in human
neurology in the evauaion of disorders of voluntary movement of extra-pyramida
origin, such as Parkinson's disease or Huntington's chorea. The study of the reflex
in domegic animas could dso be a vaduable experimenta tool in humen

neurophysiology and could serve as a basis for future experimenta studies.
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Objectives and study proposal

1. To test dectromyographycaly the blink reflex in dogs and horses, evduae the
responses obtained and compare them with those observed in human beings. To
report norma latency values and eectromyographic characteristics  (amplitude,
duration, habituation) for the different components of the dectromyographicaly

recorded blink reflex in dogs and horses.

2. To obtan dectromyographic recordings in the orbicularis oculi muscles dicited by
direct facid motor nerve dimulaion in dogs and horses and to report the

characterigtic features of the motor-evoked potentias recorded in these muscles.

3. To evduae the usdfulness of the dectricaly dicited blink reflex and direct facid
motor nerve gimulaion in the diagnoss and evdudion of peripherd facid and

trigemind nerve disorders in dogs and horses.
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Discussion

1. BLINK REFLEX TEST

As in humans, the blink reflex dicited by dectricd simulation of the trigemind nerve
in dogs and horses conssted of two separate electromyographic reflex responses, which
could be congstently recorded in the orbicularis oculi muscles. The fird reflex response
(R1) was a polyphasic muscle potentid of highly stable latency in both species. It was
highly reproducible and congtant and it gppeared only in the orbicularis oculi muscle
ipslaerd to the dimulated Sde Bilaterd lae reflex responses (ipslaerd R, and
contraateral R;) were aso consgently dicited in both species. These second reflex
responses were polyphasc muscle potentias of longer and more variable latencies than
tha of R;. In dogs but not in horses, these second reflex potentids showed longer
durations and smdler amplitudes than R;. A third ipslaterd response (Rs) was
inconsigtently observed in 85-90% of the horses and 60% of the dogs studied. R; was
adso a polyphasc muscle potentid of highly varigble, and dways longer latency than
that of R,. No dgnificant differences between sdes of simulation were observed for the

latencies of any of the blink reflex responses.

The R; response of both, dogs and horses, had a lower stimulation threshold and a more
dable latency than R, (Table 1). The R; latency represents the conduction time dong
the trigemind and facid nerves and pontine synaptic relay*®. However, neuromuscular

delay and conduction dong the orbicularis oculi muscle fibers might dso have a amal

contribution to this latency time.
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L atency Hor ses Dogs
n=10 n=15

L eft 129+1.11 7.36+0.86

Right 12.35+1.12 7.22+0.54

Table 1. Mean laencies (xSD), in milliseconds, of the Ry blink reflex responses in dogs
and horses.

As in humans, the second responses of dogs and horses had a more variable latency than
R1, and the contraaterd late response (R:) showed dways a dightly longer latency than
the corresponding ipsilateral R, (Table 2). This is to be expected for a reflex response
that is known to be trangmitted through polysynaptic reflex pathways involving the
trigemina spind and sensory nucle, the contralatera thdamic nucle or cortex, and the

bilaterd facid nude**.

Latency Hor ses Dogs
n=10 n=15
R> L eft 44.05+£3.77 33.65+3.47
Right 43.74+6.19 33.84+2.86
Rc L eft 51.53+5.92 42.5+7.72
Right 49.57+6.06 43.44+6.57

Table 2. Mean laencies (xSD), in milliseconds, of the R, and R. blink reflex responses
in dogs and horses.

Of the two components, R; would seem better suited to assess conduction aong the
trigemind and fadd neves R, would be less reidble for measuring conduction time
because its inherent variability in latency from one trid to the next. This high variability

gopears to be reaed to the excitability of interneurons and dday of synaptic
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trangmission in addition to the axonad conduction time'®. However, andyss of the R,
response would be essentid in determining whether the afferent or efferent part of the
reflex pathway, or the brangem is primaily affected™®°. As observed in
humans'®1%747  poth |ate responses (R, and R) habituated. They gradualy decreased in
amplitude and eventudly disgppeared with repeated stimuli when those were given too
frequently or were of too high intendty. In order to avoid habituation, the interstimulus
interval was kept over 30 seconds in dl sudies. The late responses (R, and R) are
highly influenced by level of constiousness or date of arousd in man, and they
dissppear under generd anesthesa or even under some types of sedation (eg,
diazepam), because of centra blocking of the multysynaptic reflex pathway?*32-38, |f
any of the animads but more consdently the dogs, would fal adegp during the
experimental procedure, the contraaterd late response (Rc)was the first one to fade,
followed by the ipslaerd one (R.). The first response (R1) never disgppeared. After

arousal, both late responses reappeared.

The third response (R3) appeared inconsgtently in 9 of the 15 dogs and more
consstently in 27 of the 31 horses tested. This third late potentid is induced in humans
by ativaion of high andl-diameter, dow-conducting, high threshold afferent fibers,
which are less excitable than those responsible for R,?°. R; has, in humans, a longer
latency than R, and appears only after stimulations of high intensity?®*°. There appears
to be a dgnificant correlation between pain sensation and Rs threshold. The fact that in
horses R; appeared more regularly after Ry, could mean that in this species the afferent
fibers respongble for R, and Rs might belong to the same group or have more Smilar
thresholds than they do in humans or dogs. This phenomenon migh aso be interpreted

as a raenforcement of the defensve naure of the reflex in prey animds. In both, dogs
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and horses, R3 showed a highly variable and long latency (Table 3), indicating thet it is
adso possbly transmitted through dow-conducting, unmyeinated fibers and longer,

multysynaptic central pathways.

L atency Hor ses Dogs

n=10 n=15
L eft 82.41+8.56 59.41+26.4
Right 82.28+10.25 58.62+22.84

Table 3. Mean latencies (xSD), in milliseconds, of the R3 blink reflex responses in
dogs and horses.

The mean latencies of dl the recorded muscle potentids are shorter in dogs and longer
in horses than the corresponding latencies in humans, probably because of the shorter
(dogs) and longer (horses) length of the trigemind and facid nerves in these species
than in humans. Latencies of onset of the evoked muscle potentids would be expected

to be shorter in smdler dog breeds and longer in larger dogs.

2. DIRECT FACIAL NERVE STIMULATION

Electricd dimulation of the facid (dogs) or auriculopapebra (horses) nerve dicited a
direct eectromyographic response (D) in the ipslaterd orbicularis oculi muscle of al
animas tesed. This direct response was a highly consastent, byphasic or polyphasc
compound motor unit potentid. A second facio-facia reflex response (RF) appeared
after the direct response in the ipslaerd orbicularis oculi muscle of dl dogs and 7 of
the 10 horses tested. No dgnificant differences between ddes of dimulaion were

detected for the latencies of the direct and reflex facid responsesin any species.
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The direct compound muscle evoked potentid elicited by simulation of the facid nerve

showed avery stable latency, aways shorter than that of R; (Table 4).

Latency Hor ses Dogs
n=10 n=15
D L eft 3.37+£0.73 2.3620.35
Right 3.24+0.62 2.42+0.43
RF L eft 16.72+1.98 15.1+1.66
Right 16.65+2.12 14.4+1.84

Table 4. Mean latencies (xSD), in milliseconds, of the direct (D) and reflex (RF) facid
responses in dogs and horses.

Evduation of the latency of the direct response obtained upon gimulation of the facid
nerve provides a measure of digtd facid nerve conduction, more precisely, a measure of
conduction of the fastest fibers within the digd facid nerve. By evduding both, the
latency of the R; blink reflex response and the D latency, comparisons can be made
between the conduction through the digtd facid nerve and that through the entire reflex
arch (which includes the trigemind nerve and the proxima segment of the facid nerve),
determining if facid nerve dysfunction occurs proximaly (intrabsseous portion) or
more distdly!®4"54%5 With a lesion of the proxima (intraosseous) portion of the facia
nerve, one would expect an abnormaly long Ry latency and normd or mildly delayed D
latencies, providing a high Ry/D ratio. Whereas a low R;/D ratio would be consstent
with dowing of digtd facid nerve conduction. Another parameter regularly measured in
compound muscle evoked potentids is their amplitude. Amplitude of the D response is

an indicator of the number of axons conducting impulses in the facid nerve and it
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increases with increesing stimulus intensity up to a maximum™®>3. Amplitudes of the D
responses showed extensve variation among dl the animds tested (as they do in
humans). Thus, as in man®, comparisons between amplitudes on both sides of the face
should provide a more sendtive messure of nerve function, rather than absolute
amplitude vaues. In man, a D amplitude ratio of the dde affected in idiopahic facid
pardyds to the hedthy dde of less than 50% is suggedive of diga facid nerve
degeneration, and a ratio of less than 25% indicates a poor prognosis for recovery of

function®’.

The reflex facio-facid response that agppeared after D upon direct facid nerve
dimulation, showed a longer and dightly more varigble latency than that of the direct
response (Table 4). The reflex facio-facid response observed in dogs and horses has
dso been described in humans®. The aferent fibers responsible for this reflex muscle
potentid could be antidromicaly dimulated facid motor fibers trigemind  branches
activated through trigeminofacid anastomoses, or sensory fibers running in the facid
neve. Reslts of studies in man™8! and cats™® indicate that the afferent fibers of the
facio-facid reflex run in the facid nerve. The centrd termination of these sensory fibers
is thought to be in the spind trigemind nudeus™. Then, the trigemind motor neurons
activated by these facid afferents would, in turn, activate facid nucleus motor neurons

innervating the orbicularis oculi muscles and generate the reflex facio-facia response.

3. BLINK REFLEX TEST AFTER LEFT SUPRAORBITAL NERVE BLOCK

In both, dogs and horses, no reflex responses could be dicited on ether Sde of the face

upon dimulation of the blocked nerve & a normd simulation levd. Typicd reflex
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reqponses were dicited ipslaterdly and contrdateraly upon gimulaion of the right
supraorbitd nerve in al animals tested. The lack of responses upon left supraorbita
nerve simuletion after the nerve block is condgtent with the results in humans with
lesons of the aferent (trigemind) pathway of the reflex?®24485585 | ook of afferent
impulses (complet axond loss) should cause lack of responses upon simulaion of the
affected sde of the face, whereas delay of the responses or decreased amplitudes should
be seen in patid axond or demydinating lesions'®2%:48:55.70.85 Thega reqults demonstrate
that the dectricaly dicited blink reflex test can be useful in dogs and horses in the

assessment of peripherd trigemind nerve function.

4. BLINK REFLEX TEST AFTER RIGHT FACIAL (DOGS) OR

AURICULOPALPEBRAL (HORSES) NERVE BLOCK

After the rignt facid or auriculopdpebrd nerves were blocked, no blink reflex
rejoonses could be dicited in the right orbicularis oculi muscle upon simulation of
gther left or right supreorbitd nerves a any simulation intengty. Typicd responses
were recorded in the contralatera dSde after simulation of both, right and left
supreorbital nerves. These results are condgtent with those observed in humans with
complete unilateral peripheral facid lesons and demondrated that the blink reflex test
can be useful in dogs and horses to assess periphera facid nerve function. When the
efferent limb of the reflex pathway is abolished, no responses can be evoked on the
affected dde, regardless the sde of simulation. With incomplete, partid axond or
demydinating lesons of the facid nerve, delay of the responses and decreases in

amplitude of the blink reflex potentias are observed on the affected dde after ipslatera
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and contrdatera stimulation®’ 48236708 |0 these ingtances, direct conduction latency

of thefaciad nerve and amplitude of the direct potentia may be of prognostic vaue.

5. PERSPECTIVE USEFULNESS OF THE BLINK REFLEX TEST AND
DIRECT  FACIAL NERVE  STIMULATION IN  VETERINARY

NEUROLOGY

The results of our study indicate that both, the blink reflex test and direct imulation of
the fadd nerve should be ussful in determining prognosis for recovery of function in
cases of fadd nerve dysfunction by determining the level and extent of the facid nerve
leson, in differentiating centrd (braingem) from peripherd involvement in cases of
trigemind and facid nerve dysfunction, in demondrating the presence and extenson of
brangem lesons in animds with multiple cranid nerve dydfunction due to
degenerative, inflammatory or neoplasic braingem lesons, in the evduation of the
effects of hemispheric lesons on brangem function, and in the assessment and

monitoring of brainstem and cerebra function in comatose patients.
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Conclusions

. The blink reflex can be induced in sedated dogs and horses by dectrica simulation
of the supraorbitd (trigemind) nerve. Simultaneous bilaterd, eectromyographic
recordings of the blink responses in the orbicularis oculi muscles dlow evauation

of the different components of the reflex in these species.

. Direct dectricd gimulation of the facid nerve can be peformed a the zygometic
arch (auriculopapebrd nerve) in horses and at the leved of the stylomastoid foramen
in dogs. The compound motor unit potentids evoked in this way can be
electromyographicaly recorded in the orbicularis oculi musces ipslaerd to the

dde of gimulation.

. The dectricdly induced blink reflex in horses has two components. A firg,
ipslateral R1 component, and a late, bilateral R2 component. A third component,

R3, appears very frequently after R2, ipslaterd to the Sde of stimulation.

. In horses, dl blink reflex responses are polyphasc muscle potentids of variable
amplitude and duration. R1 shows a highly stable latency. The late R2 responses
have longer and more vaiable latencies than R1, and that of the contralatera
reoonse is dways dightly longer than that of the ipdlaerd one. The third R3

response shows the longer and more unstable latency of the three reflex responses.

. Direct dimulation of the auriculopdpebrd nerve in horses induces a biphasc-

polyphesc muscle potentid in the ipslaterd orbicularis oculi muscle, frequently

followed by a reflex biphasc-polyphasic, facio-facid potentid. The amplitude of
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the direct facid evoked muscle potentids is highly variadle The fird musde
potentid shows a highly stable latency, dways shorter than that of R1. The second
facio-facid response has a farly dable, but dways longer latency that that of the

direct response.

. The dectricdly induced blink reflex in dogs has two components. An eatly,
ipslateral R1, and a late, bilaterd R2. A third R3 reflex response can be observed in

some dogs ipslaterd to the simulated Sde, but thisis not a common finding.

. In dogs dl blink reflex responses ae polyphesc muscle potentids. The R2
responses consgtently show smaler amplitudes and longer durations that those of
R1. Asin horses, R1 is very stable in latency. The late responses have adways longer
and more variadle latencies than that of the first response. The third response is

inconsstent and shows a very long and unstable latency.

. In dogs dectricd dimulation of the facid nerve dicits a direct response in the
ipslaterd orbicularis oculi muscle, aways followed by a second, reflex facio-facd
response. The firg is a biphasic-polyphasic potentid and the second is a polyphasic
muscle potentid. Both facid responses show a highly varigble amplitude. The firgt
repponse has a very sable and short latency (dways shorter than that of R1),
whereas the second response has aways a longer and dightly more variable latency

than the firs one.
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9. As in humans, the late blink reflex responses (R2) of dogs and horses show
hebituation, a gradua quantitative decresse in amplitude with repested uniform

gimuli.

10. After experimental peripherd trigemind lesons in both, dogs and horses, no blink
reflex responses are observed on either sde of the face upon simulation of the
lesoned nerve, but normd reflex responses can be dicited ips- and contralaterdly

upon gimulation of the norma (contrdaterd) trigemina nerve.

11. After experimentd peripherd facid nerve lesons in dogs and horses, no responses
can be dicited in the ipslaterd orbicularis oculi muscle upon gimulaion of ether
left or right trigemina nerves Normd reflex responses ae observed in the
contrdatera  orbicularis oculi muscle after dimulation of both right and left

supreorbitd (trigemind) nerves.
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